Abstract: China has experienced the dramatic change of food consumption pattern in the last 3 decades. However, there are different opinions toward the future change of this process. By adopting the well-developed Chinese agricultural partial equilibrium model-CAPSiM model, the demands on livestock products and main feed crops in 2011-2030 are predicted and analyzed. It is found that China's per capita consumption of livestock products will continue to rise in 2011-2030, even though its growth rate will slow down gradually. Meanwhile, the expansion of livestock production will pose great challenges on feed supply in China. More accurately, It is feed security instead of grain security confronted by China in the future. Based on the findings, the related policy implications are proposed.
Introduction
China keeps the high growth of agricultural production and succeeds in maintaining food security in the past three decades. Chinese is witnessed to experience a gradual transition in food consumption structure with the increased share of high value-added foods such as fruits, meat, fishery and dairy products. Such a trend is consistent with the process of urbanization and industrialization, summarized as "the livestock revolution" (Delgado 2003) .The similar transition process can be observed popularly across all those countries after economic take-off, such as the period in England during 1800 to 1850 (Hartwell 1961) , and in Japan and South Korea during 1961 to 2000 (Yang et al. 2013 ) as well as in many developing countries during 1970s to mid 1990s (Delgado 2003) . Accompanying the rising food demand both in quantity and quality, China's agricultural production also grew quickly, with annual agricultural GDP rising by 4.6% in 1978-2011 . Such a growth rate is about four times of the rate of population growth, which is the reason why China could maintain the high food self-sufficiency level and the status of net food exporter in the majority of years in . As a country of more 1.3 billion populations, China's tremendous achievements in food supply definitely contribute greatly to the global food security ( CAAS 2012; China Daily 2014) .
The debates and concern about the perspective of China's food security and its stand in global food security are always burning (Brown 1994 ). China's agricultural trade had converted from the surplus to the deficit in 2004 for the first time since 1990, and the deficit keeps rising afterward. In 2012, the agricultural trade deficits reached 49.2 billion US dollar (NBSC 2012) . The situation of China's agricultural supply and demand has turned from the stage of "balance in total with slight surplus" to the new stage of "unbalance in total with remarkable shortage in structure" (Huang et al. 2012 ).
The change of consumption of livestock products and its induced feed demand is a vital issue to China's grain security and food security. The increase of consumption of livestock products is manifested in the highest growth among all agricultural products in China. Different to many other countries like Japan and Korea, China's enlarged demand on livestock products heavily depends on domestic production, which means that more feed required to raise animals. Whether China can make balance in supply and demand for feed crops turns to be the key component in its grain security and food security strategy in the future (Chen 2012; Huang et al., 2012) .
However, researchers and policy makers do not reach consensus on whether and to what extent feed is and will be of security in China. In general, there are two contrary opinions. The first one could be defined as the pessimism. Researchers in this group believed that feed security would be exacerbated in the next two decades as the demand exceeded the domestic supply. From the perspective of consumption, Chinese diet will change dramatically in favor of more expensive food providing higher protein such as meat and dairy products rather than cheaper and less nutrient food like grain crops (Huang and Rozelle 1998; Yen et al. 2004; Yu and Abler 2009 ). According to the procedure experienced by Japan and Korea, China's food consumption will continue the structure transition in the future (Yang et al. 2012) . This, in turn, will lead to demand more grain crops as feed rather than direct consumption . However, the domestic supply of feed crops has been under the constraints of resource endowments in terms of land and water resources. Cultivated land per capita has declined because of population growth, urbanization, and industrialization (Zhao et al. 2006) . The decline in arable area and water resource was exacerbated by a series of land and water degradation processes (Pingali et al. 1997) . Moreover, rapid economic growth has attracted more rural labors immigrate into city and increased the opportunity cost of rural labor (Wang et al. 2011) .
Therefore, many studies depicted the gap between feed demand and domestic supply would be enlarged in the future. Taking the maize, the most important feed crop, for example, Huang (2004) projected China's net import of maize would increase sharply to 57 million tons in 2020. While the import volume relatively is lower, Xu (2011) predicted China's maize import would rise to 17.4 million tons in 2020. Recently, Chen and Yang (2013) provided a range of estimation on China's net import of maize between 29.5 million tons and 53.6 million tons in 2020, and between 72.0 million tons and 160 million tons in 2030. Despite notable variation among studies, all indicated China's maize import would rise dramatically and gap between demand and supply enlarged in the future.
On the contrary, the second group holds the optimists prospect to China's feed demand and domestic supply. There are three main reasons underpinning the optimism. First of all, some researchers got the results that China's per capita meat consumption became stable based on the statistical data from NSBC . The food consumption would reach the summit quickly as China turned to be an aging society (Yu and Sun, 2012; Zhong and Xiang, 2012 ) . Therefore, the demand of feed crops will keep stagnant or even decrease accordingly. Secondly, even though the consumption of livestock products will maintain steady increase, China could secure the feed crops through the promotion of efficiency of feed usage (Cui, 2012) . Livestock production in China has changed from backyard production to the industrialized production, which is proved to use feed crops more efficiently (Ma et al. 2011; Ma et al. 2012 ). The last not the least, the further growth of yield of feed crops especially maize and soybeans could be achieved through the increase of total factor productivity (TFP) by adoption of advanced technologies (e.g., genetic modified technology) and improved infrastructure (Jin et al. 2002) .
While the evolution of China's food consumption from different perspectives and its potential impacts on the feed crops (mainly focus on maize) have been analyzed by many studies, the results and related conclusion vary notably, or even contradictory. Moreover, few studies focus on the dynamic evolution and the distinguished characteristics of the consumption and production of livestock products in the future, as well as its impacts on feed demands. The target of this paper seeks to fill the gap to deeply analyze the change of demand and supply of livestock products and feed crops in next two decades (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) . To meet the goal, the paper is organized as follows.
In the next section, we briefly provide an overview of China's historical change of production of livestock products and the feed demand. The third section describes our methodology and key assumptions. The projected results are summarized and analyzed in section 4. The final section provides the concluding remarks and policy implication.
The evolution of livestock production and the demand of feed crops
The production of livestock and fishery products in China increased dramatically in 1980-2012. As shown in Table 1 , the production of poultry, beef and dairy products grew most significantly among all livestock products. Their production increased extraordinarily by 1847.6%, 2362.1% and 2735.0% respectively, from 936, 269 and 1367 thousand tons in 1980 to 18230, 6623 and 38754 thousand tons in 2012, with average annual growth rate of 9.7%, 10.5% and 11.0% for 32 years. While the growth rate of pork is lowest among all livestock products, it still rose notably by 346.6% from 11341 thousand tons in 1980 to 53427 thousand tons, with annual growth rate of 5.1%. The productions of mutton, eggs and fishery products increase quite similarly by 801.1%, 1213.7% and 1162.7% from 445, 2266 and 4497 thousand tons in 1980 to 4010, 28612 and 59077 thousand tons in 2012, with annual growth rates of 7.1%, 8.4% and 8.2%. In sum, China's total meat production (including the pork, poultry, beef and mutton) rose by 595.8% from 12054 thousand tons to 83872 thousand tons, with annual growth rate of 6.2%. Pork is the most important meat category dominated by Chinese meat consumption. Because the average annual growth rate of the production of pork is less than that of overall meat in 1980-2012, the share of pork in total meat production dropped remarkably from 94.1% in 1980 to 63.7% in 2012.
Except dairy products, the growth rates of other livestock products slow down since 2000, compared to those in the first two decades. As shown in table 1, the average annual growth rates of production of pork, poultry, beef and eggs decrease sharply from 5.7%, 14.0%, 15.1%, 9.5% and 10.6% in 1991-2000 to 2.5%, 3.1%, 2.1%, 3.5% and 2.3% in 2001-2012. While fishery products still kept the relatively high growth rate, its annual growth rate dropped notably from 8.1% in 1991-2000 to 6.7% in 2001-2012 . Only the change of dairy products shows the different trend. Its average annual growth rate increased significantly from 6.8% in 1991-2000 to 12.7% in 2001-2012. The rapid growth of dairy production is mainly driven by the fast increase of demand (Fuller, 2006; Gale, 2007) .
Up to now, there is no authoritative and reliable statistics about the supply and demand of feed in China, all existed analysis are implemented under certain assumptions. Currently, there are two kinds of quantitative approaches to estimate the feed demand. The first one is the implied demand approach, which calculates the feed demand by multiplying the outputs of animal products by the estimated feed-meat conversion ratios. The second one is the residual supply approach, which estimates the demand of feed grain by deducting the grain used for human consumption, seeds, industry usage from total grain output. In this paper, we adopt the first approach. Actually, at least three key estimations are required before the calculation. They are the productions of different livestock products, shares of production by different feed-styles 1 and their corresponding feed-meat ratios 2 . All these three kinds of information are from the long-time historical database on agricultural demand and supply of China Agricultural Policy Simulation Model (CAPSiM), constructed by Center for Chinese Agricultural Policy (CCAP). The detail information of the model and database could see Huang and Li (2003) and Huang et al. (2007) . The following is our estimation on China's feed consumption in 1980-2012.
China's feed consumption increased dramatically in the past three decades driven by the fast-growth production of livestock. As shown in Figure 1 , the demand of commercial feed (excluding forage grass) increased by 385.8% in 1980-2012 from 44.9 million tons to 218.1 million tons, with annual growth rate of 5.1%. Similarly to the change of animal production, the growth rate of feed consumption also showed a decreasing trend. The annual growth rate of feed consumption dropped from 6.4% in 1981-1990, to 5.2% in 1991-2000 and further to 3.8% in 2001-2012 . Such a dropping trend of feed consumption is not only consistent to the decreasing production, but also as a response to the rising feed efficiency (Ma et al. 2011) . It is interesting to note that the feed consumption dropped in 2007 because of the outbreak of porcine reproductive and respiratory syndrome (PRRS) and Avian Influenza. The feed demand was reduced as lots of hogs and poultries were slaughtered. However, the increasing trend of feed demand recovered quickly and resumed its rapid growth shortly after the diseases.
The maize and soybean meal, as the two dominated feed components, play a critical role in China's feed supply. Maize keeps the most important feed crops with the evidence that its share in total feed demand ranged between 50% and 65%. Different to the maize, the usage of soybean meals increased dramatically after 1996, when China liberalized the soybean market. Such a changing trend coincides with the rapid growth of import of soybean. China's soybean import rose sharply from almost zero in 1995 to 58.4 million tons in 2012. As shown in Figure 1 , the soybean meals used as feed increased significantly by more than 10 times from 3.8 million tons in 1996 to 43.6 million tons in 2012. Correspondingly, its share in total feed consumption rose sharply from 3.2% to 20.0%.
The change of feed demand is critical to China's grain and food security. The quick expansion of livestock sector drives up the demand of feed, which is the main factor causing the imbalance of grain trade (Tuan et al. 2004) . For example, the import of maize and soybean reached 1.7 and 34.9 billion US dollar respectively in 2012, accounting for 32.6% of China's agricultural import and 92.3% of grain import. The total trade deficit of the two commodities was 36.3 billion US dollar, almost three fourths (73.8%) of total agricultural trade deficit in 2012.
Methodology and scenario design
The China Agricultural Policy Simulation Model (CAPSiM) was adopted to analyze and simulate the China's demand for livestock and feed in the future. CAPSiM is a agricultural partial equilibrium model to analyze the impacts of policies and external forces on the production, consumption, price, market and trade of Chinese agricultural products and forecasting the future supply, demand, trade and price of agricultural products. The theoretical framework of CAPSiM is shown in Figure 1 . Currently, CAPSiM has been used widely to assess the impact of various trade policies, technology innovation, urbanization, climate change on China's agriculture development (Huang et al., 2007; Yang et al., 2011; Huang et al., 2012) .
There are another two important reasons for us to adopt CAPSiM for this study. First of all, comparing to many other quantitative studies based on the relatively simple linkage between livestock production and feed demand, CAPSiM develops a comprehensive model system to incorporate the complicated interaction among the income, meat consumption, animal raising styles, production of livestock and feed demand. Huang and Li (2003) provided the detailed description of these systematic relationship in CAPSiM model. Secondly, the credibility of official statistics is believed to be questionable by many researchers (Cheng, 1997; Zhong, 1997; Frank, 2000; Jiang, 2002) . Therefore, the findings based on the official statistical data may lead to serious estimation bias and misleading conclusions. However, CAPSiM database is constructed by using the balance-sheet approach, which incorporates many survey data on agricultural production and consumption by CCAP. Moreover, the continuous efforts has been devoted to build up the long time serial balance-sheets from 1980 to 2012 of all agricultural commodities for more than 10 years, which makes the data in high-quality and reliable to carry out this study.
There are fourteen crops covered by the CAPSiM production model, including rice, wheat, corn, sweet potato, potato, other coarse grains, soybean, cotton, oil crops, sugar crops, vegetable, fruit, squash and other crops. Meanwhile, the production model also covers 9 categories of livestock products and fishery products, namely pork, beef, mutton, poultry, egg, milk, fish, shrimp and other fishery products. In the consumption model, there are 23 categories of products, namely rice, wheat, corn, sweet potato, potato, other coarse grains, soybean, edible oil, sugar, vegetable, fruit, squash, pork, beef, mutton, poultry, egg, milk, fish, shrimp, other fishery products, other foods and all the non-foods. In this study, we select the data of 2010 as the benchmark, and the forecasting period is the next two decades (i.e., 2011-2030) .
`

Scenarios design
For the purpose of analyzing the supply and demand changes of different livestock products and feed crops during the 2011-2030, a series of assumptions are adopted based on various studies. Those assumptions include the economic growth, population growth rate, urbanization rate, wage growth rate, rural/urban income, and technology improvements. The values of different assumptions are mainly estimated according to the results from Huang (2004)  The rural/urban income gap will gradually narrow. For the 2011-2030 period, rural income will have an average annual growth of 8.33% and urban income will grow slower at an average annual rate of 6.83%.  Urbanization rate: the urbanization rate in China will continue to ascend. It is supposed that the urbanization rate will rise from 49.8% in 2010 to 56% in 2015, 60% in 2020, 64% in 2025 and 67% in 2030, respectively.  Changes of rural labor wage and land rent. The average annual growth of the actual wage of rural labor from 2011 to 2030 is supposed to be 6.1% and that of the land rent will be 2.5%.
 Progress of agricultural technology. It is assumed that Chinese government will continue to increase the investment on agricultural technology and infrastructure.
However, rising marginal cost for increasing unit production will mean lower contribution rate of technological progress. The future contribution rates of technological progress to the average annual unit production growths of different agricultural products are listed in Appendix 1. 
Analysis on the supply and demand of livestock products and feed
Change of the supply and demand of livestock and fishery products
With the rising income and fast urbanization, the consumption of livestock products will maintain a rapid growth in the next two decades, even though the growth rate varies remarkably by commodities. As shown table 2, while the growth rates will slow down generally in the future, the per capita consumption of beef, mutton and dairy products increases much faster than those of pork, poultry and eggs, which indicates the notable change of consumption pattern inside livestock products. For example, the per capita consumption of beef, mutton and dairy products will rise by 50.0%, 45.5% and 64.1% respectively in 2011-2020, much faster than the growth of 19.3%, 35.8% and 26.4% of pork, poultry and eggs. Moreover, such a trend will continue and get more obvious in 2021-2030. The growth rates of per capita consumption of beef, mutton and milk will drop to 25.0%, 21.9% and 26.5% in 2021-2030. Nevertheless, they are still much higher than those of pork, beef and eggs, of which the grow rates will decrease dramatically to 7.4%, 12.2% and 3.8% respectively in 2021-2030.
As the response to rising consumption, the production of the livestock products in China will also grow quickly. The changes of production by different commodities are consistent to their consumption. For example, the productions of beef, mutton and dairy will rise significantly by 48.6%, 43.3% and 62.0% respectively in 2011-2020, experiencing the highest growth among all livestock products. However, it is worthy to note that despite the fast growth, the increase of production still falls behind the consumption. As a result, the gap between demand and supply of those commodities expands and the self-sufficient level decreases to certain extent. As shown in table 2, the self-sufficient levels of beef, mutton and dairy products will drop from 100%, 99% and 89% respectively in 2010, to 98%, 93% and 84% in 2020. Such a circumstance will be further extended to the period of 2021-2030. The three commodities will still experience the highest growth among all livestock products. Their productions will rise by 22.3%, 14.3% and 18.7% respectively in 2021-2030. However, the gap between demand and supply is further enlarged. The self-sufficient levels of beef, mutton and milk will drop notably to 96%, 88% and 78% in 2030.
While the productions of pork, poultry and eggs grow much less than beef, mutton and milk, their self-sufficient levels will maintain in high level or even be improved in the future. As shown in table 2, the production of pork, poultry and eggs will rise by 23. 1%, 42.4% and 30.9% respectively in 2011-2020, and 8.6%, 14.3% and 5.0% in 2021-2030 . As the two most important meat categories dominated Chinese consumers' diet, the consumption of pork and poultry will increase moderately in the future. Their productions will grow closely with or even a little faster than the demands. Therefore, China will maintain the high self-sufficient levels of these three products, and even be the net exporter of poultry and eggs.
Similarly, the consumption of fishery products (including fish, shrimp, crabs and shellfish etc.) will also increase significantly in the next two decades. As shown in table 2, the per capita consumption of fishery products will increase from 18.9 kg/person in 2010, to 28.3 kg/person in 2020 and further to 33.5 kg/person in 2030. Its growth rate of 54.6% in 2011-2020, and 16.3% in 2021-2030 is ranked as the second highest only following milk among all livestock products.
Unlike milk, however, the demand of the fishery products will be mainly met domestically. The production of fishery products will grow from 27.78 million tons in 2010, to 42.96 million tons in 2020 and then to 49.97 million tons in 2030. The other distinguished characteristic of fishery products is both the import and export will increase quickly and in large volume. As shown table 2, the import of fishery products will increase from 2.31 million tons in 2010, to 2.77 million tons in 2020 and 3.25 million tons in 2030. Meanwhile, the exports will increase from 2.49 million tons in 2010, to 3.53 million tons in 2020, but decrease to 3.02 million tons in 2030. When the import was farther exploited, it will be found that a large proportion of China's aquatic imports is fishmeal, which is mainly used for high-protein feed. China will maintain the high self-sufficient level of fishery products.
Change of China's feed demand in future
No doubt, China's feed demand will keep growing driven by the rising animal production. As shown in Table 3 , the total demand for commercial feed will increase by 30.0% in 2011-2020 from 202.6 million tons in 2010 to 259.3 million tons in 2020, and further rise by 7.9% in 2021-2030 to 279.7 million tons in 2030. The average annual growth of feed consumption will decrease from 2.5% in 2011-2020 to only 0.8% in 2021-2030. There are two main reasons for this slowdown. Firstly, as analyzed above, the growth of China's livestock production drop significantly. For example, as the largest sector of feed demand, the growth of pork production will drop from 19.3% in 2011-2020 to only 7.4% in 2021-2030. Secondly, the production structure of livestock will experience remarkable change, which will shift gradually from pork and poultry toward beef, mutton, dairy and fishery products. It is well known that the swing and poultry are bred intensively by commercial feed, but the ruminant animals (e.g., cattle, cow, sheep and goat) could be fed by forage grass (e.g., grass, hay, straw). In term of feed-meat ratio, it is be much lower for those ruminant species and fishes comparing to the swine and poultry (Rae and Hertel, 2000; Zhou et al.,2008) . The structure change will further dampen the demand on commercial feed.
As two dominated components of commercial feed, maize and soybean meal will play a rising important role in China's feed supply. The commercial feed could be classified into two categories: energy feed (various grains) and protein feed (bean pulps). As shown in table 3, the maize and soybean meal take the overwhelming share in energy feed and protein feed respectively. Moreover, their importance keeps rising in the future. For example, the share of soybean meal in protein feed will increase from 70.6% in 2010, to 88.8% in 2020 and further to 89.2% in 2030. Meanwhile, the share of maize in energy feed will rise from 83.0% in 2010, to 84.9% in 2020 and further to 90.4% in 2030. In sum, the share of maize and soybean meal in China's total feed supply increases sharply from 79.3% in 2010, to 86.1% in 2020 and further to 90.0% in 2030.
The rising feed demand on maize and soybean meal has rich implications on the demand and supply of maize and soybean. As shown in table 3, the maize used for feed will increase from 118.1 million tons in 2010, to 153.4 million tons in 2020 and further to 173.8 million tons in 2030. Definitely, such a fast growth of feed demand will create great opportunity and severe challenge to the maize production. It is indeed that the maize production will increase quickly and fastest among all grains, from 177.2 million tons in 2010, to 223.0 million tons in 2020 and 241.8 million tons in 2030 (Column 8 of Table 2 ). However, the maize supply is still far behind the demand and the gap between demand and supply will be enlarged. As a result, China's import of maize will rise dramatically from 1.6 million tons in 2010, to 19.0 million tons in 2020 and 39.8 million tons in 2030. The self-sufficient level will drop remarkably from 99% in 2010, to 92% in 2020 and 86% in 2030.
The soybean is the best representative to show the vital role of import to ensure China's feed supply. With fast growth of production and remarkable change of production structure, the demand on protein feed and its proportion in total feed demand keep rising. For example, the proportion of protein feed in total feed demand will increase steadily from 29.8% in 2010, to 30.4% in 2020 and 31.3% in 2030 (Last row of Table 3 ). As the dominated composite of protein feed, the demand on soybean meal will grow dramatically from 42.6 million tons in 2010, to 69.9 million tons in 2020 and further to 78.1 million tons (Row 3 of Table 3 ), which will generate huge pressure on soybean supply. As shown in table 2, China's soybean supply heavily depends on global market to meet the fast growth of demand both on soybean oil and soybean meal. According to the simulation results, China's soybean import (including the equivalent soybean converted from imported soybean oil) will increase from 61.5 million tons in 2010, to 76.4 million tons in 2020 and 84.6 million tons in 2030. Such a huge import volume will create a great chance for soybean exporting countries (e.g., Brazil, Argentina and USA) to increase their production and export. As the import is much larger than domestic production, China's soybean self-sufficient level is quite low and also decreases steadily in the future from 20% in 2010, to 16% in 2020 and 15 % in 2030.
Main conclusions and policy implications
China's per capita consumption of livestock products will continue to rise in 2011-2030, even though its growth rate will slow down gradually. Accompanying the fast industrialization and urbanization in the past 3 decades, China's food consumption pattern has changed dramatically toward consuming more high-valued agricultural products. Such a process is far from over. According to our findings, the evolution will continue in the next 2 decades, although the growth rate of consumption on high value-added foods will slow down. No doubt, the rising production of livestock products will pose great challenges on feed supply in China. One of the distinguished characteristics of the evolution of China's food consumption is that the consumption on products (e.g., beef, mutton and dairy products) from ruminate animals increase much faster than other livestock products, which means the promotion to increase forage grass will get more important and be an good strategy to ensure China's feed supply.
China will confront severe challenges of feed security instead of grain security in the future. The total commercial feed demand is estimated to rise dramatically from Correspondingly, the self-sufficient levels of maize and soybean will drop notably to 92% and 16% in 2020, and further to 86% and 15% in 2030.
China should set up the feasible policies to improve feed supply domestically and ensure the availability from oversee markets. First of all, our results reveal that the demand on products from ruminate animals will increase significantly. Meanwhile, China owns the great potential to promote the production of forage grass (Xu and Zhang, 2004) . Therefore, more policy and technological supports should be provided enhance the capability, production and utilization of forage grass. Secondly, as a country with limited agricultural resources and confronting severe ecological problems, China should pay more attention on the rising important role of technology in promotion of production and ensurance of food security. Therefore, It is vital for China to increase the investments on agricultural R&D, enhance the adoption of new technologies abroad and strengthen the utilization of new technologies to improve the productivity. The last but not the least, after WTO accession, China has become one of the world most liberalized agricultural markets, and its agricultural import rose dramatically afterward. China is the world largest importer of soybean and will be the case of maize as we predicted. Therefore, China should actively take part in the Huang (2004) and Huang et al., (2010) 
